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COMPLETE SPECIFICATION 

Improvements in or relating to methods of producing Electrically 
Conductive Mouldings from Plastics 



We, N. V. Phillips' Gloeilampen- 
FABRIEKEN, a limited liability Company, 
organized and established under the laws of 
the Kingdom of the Netherlands, of 

5 Emmasingel 29, Eindhoven, Holland, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: — 

This invention relates to'the manufacture of 
electrically conductive articles from plastics. 

If . conductive articles are to be produced in 
a known manner by moulding plastics i.e. 

15 polymerisation and condensation products 
whether or not capable of being hardened, it 
is necessary to add to the plastics a consider- 
able quantity of conductive filler, for example 
metal powder or carbon. In order to obtain a 

20 satisfactory conductivity, the conductive 
material should amount to approximately 
50% by weight or more of -the total mass. 
Due to this, the mechanical properties of such 
mouldings, in comparison with mouldings 

25 without conductive filler, will be far worse. 
In accordance with the invention, conduc- 
tive mouldings having satisfactory mechanical 
properties are obtained by reducing plastics 
to grains, the individual grains being pro- 

30 vided with electrically conductive coatings 
and the powder thus obtained being subse- 
quently pressed to mouldings while heating. 

In this case, deformation of the plastic 
grains and consequently also of the conduc- 

35 tive coatings occurs, but in spite thereof a 
continuous network of conductive layers is 
obtained, which is comparable to a honey- 
comb. The bond between the grains is 
established, it may be assumed, by the 

40 plastics as a result of slight damage to the 
conductive coatings caused during the mould- 
ing operation^ 



This method has the special advantage 
that, averaged over the whole mass, a 
quantity of conductive material of only a few 
per cent, is sufficient 

The conductivity of products according to 
the invention is controllable by the choice of 
the -size of grain of the plastics, by the thick- 
ness of the conductive coatings on the grains, 
by the choice of the conductive .material and 
of the tEmperature, pressure and time in 
moulding. ~ 

Excellent results are obtained if the plastics 
are pulverized, to grains of 0.3 mm and 
smaller. The plastics may, for example, be 
reduced to grains by powdering or cutting, or 
again by drying drops of a solution. Alter- 
natively granular plastics obtained by sus- 
pension polymerisation may be used. 

As conductive 'materials use is preferably 
made of metals such as silver and copper, or 
of carbon. 

The conductive layers may be applied in 
many different manners onto the plastic 
grains. Silver, copper and nickel may, for 
example, be precipitated from a solution by 
means of a reducing agent As an alternative, 
the conductive , layer may be obtained by pre- 
cipitating the conductive material from a 
suspension. Sometimes, for example in the 
case of carbon powder and also in the case 
of copper powder, obtained by reduction of 
copper compounds, a conductive : layer, may 
be obtained on the grains by carefully rubbing 
a mixture of the powders together in a dry 
state. Further, in the case of carbon, by 
mixing grains of" plastic with a suspension of 
graphite the grains of plastic may be coated 
with a layer of graphite. The rubbing of 
carbon' and copper powders* with plastic 
grains may be carried out, for example, in a 
ball mill. In this case it is important mat hard 
and heavy balls which would grind the mix- 
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Hire are not used. Only balls, such as wooden 
balls which are soft and light: may be used. 

In order that the invention, may be readily 
carried into- effect, a number of examples will 
now be described in detail.. , . 

Example %. ~" : . 
■. 15 gms. of polystyrene . in .the form of. a 
suspension-polymer with a grain, diameter *of 
approximately -0.04 mm, are ' : txeated w wi&. A 
•■mixture". of. .20 ccs. of a- silvering- solution. 
.(17.1 gms. . .of AgN0 3 , S.6. - -gms. : of 
NaOH and 48 ccs. of concentrated ammonia 
.per Hire) arid -1 ccs. of a reducing liquid (190 
^ms. cane sugar, 370 ccs. of alcohol of 96% 1 
and 3 ccs.. of concentrated nitric acid per ; 
. litre). . Af ter two hours the silvered polystyrene 
grams, are separated by filtering .arid "washed " 
with water, A rod moulded from this material, 
'•at. 170° Q and under a pressure of 100" 
kgms/cm 2 . had a specific resistance of 20cm.- 

EXAMPLE TL~i 

..For coppering 4 "gms. of porymethylacrylic 
.methyiester* with a gram - diameter "of. 15-r 
\ .microns, iisei is made - of .a- mixture of three 
solutions A, B and C in. quaiatrries-'of :13 ccs. 3 
5.3 ":ra. : ;and,4Q ccs. : respectively -The com- 
. position of solution. A -is .50 'jgnVdf copper 
: acetate* 2'OOL'ccs.- of concentrated ammo nia, 260 " 
..ces. of :disBlled . water; -that of solution B is . 
-;17.5 gms.- of- KOH, ilO ccsV .of distilled . 
water; -that of solution C is 15 ccs. of 
hydra^; ; rrji^i^ 39 ccs.. of distilled- water. 
The copper" is predpitated* ori. me grains" of 
the polymer-. by treatment' with the rorxture 
-of .the rsolutions- for'' two 'hours' whil e heating 
'on a water-vhath. -A.:rQd*;pbtamed.from the. 
. copper-plated '.iimns^jD^ddi^- jrjt.^TO- 0 " C. 
. and under- a-pressure?-of-io6 -kgins/cmKhad a - 
specific resistance of .i.40tem> ■ -V.- : : - '■: 
—4 Example IK M\ ' ' 
■ Polymer gra^~ are* : mdcel-plated' wrm the .. 
use of a mkture of three' solutions A, B and 
...C in o^iantities of 30 ccs£;30- ccsratid ~6 ccs. 
^respectively. The : composition of 'solution A is 
50 gms. of nickel acetate; 20a ccs: of con- 
centrated: ammonia, ''3€ff-.LCc^^M/--^^Ski 
: water: Solution B is ; a - 2&%- : solution - of 
hydrazine, hydrate splutior4. solution- C being 
a 0. 16% : ""solution <5f " potassium' platinum 
chloride ^Mchfacts asTa catalyst. 5'^ms." of 
powdered £olyst5rc^ size of 

approxmiatdy 6.04 mm." are "treated for -one 
-hour at 75° : "C with' the inxtirre of ihe- solu- 
tions. A;.rod imoulded at 170° • C." and under" 
.a ; pressur^ of AW kgms/arr'hzd a^speciric 
resistance of a^*roximatelj r 6.5ncm. ■ >' 

" Example ivr — 
: /30:'gm&\j^"gr^iilar- r por^^e'are- care- 
,fully rubbed together withl 5 gmsVof :grapMte 
powder for half an'hpurv while ,-lrafnig to 
??£. c ? tips cbveririg VS^St^ieat grains 
With layers, ; of: graphite.-': Any "graphite not 



bound may . be removed by sievmg but or by 
shaking /out .with water. Analysis . .proved that 
the carbon covered rwlystyrene . grains -.con- 
tained only 1,5!% .of graphite:. Moulding at 
a temperature of 170° C and . under a pres. 
: sure of 100 kgms/cm 2 yielded a Shaving 
a specific resistance of 540cm. •/ 
1 .Example. 

- 20 gins, .of an -ureaformaldehyde moulding 

- powder, with -a grain diameter -smaller, than 
0.15;mhr: ^ -caref^ f or . 
•one hour with 600. mgms.'. of carbon powder 
: -m a -hall * -miU^: with wooden halls, -sub- 

sjantially.the whole - quantity of carbon being 
^adsorbed'at the surface of the grams. A rod 
.--moulded at 150° C. and under, a pressure of 
1000 kgms/crn\ had- a. specific resistance of 
150pcm. : .; '-' * • 

* . : ■ Example VI. I " T-"' •; 
-25 : gms. of a granular synthetic . rubber 
niixture having a composition of 200 gms. of a 
. copolymer of "butaa^e withsacrylc^traei 10 
.gns. ; of -zinc oxide,; 3 gms- of / tetramethyl 
tmuram disulpMde,- 2.5..gms;- of - -Sulphur, 1 
gm of -stearic- acid/- jO'-.^grm.- of^d^utyl 
phthalate are caref^y-ruobed' mgether with: 
2.5 ^s.;graphite : powder. in: a b'a^;rhui;,wim • 
wooden hahs.---Vul^isation" : 6f W-earbon 
crjated^aihs under ^ -pressure x)f " lOO igms/ 
-_em?.at 150° .€;" -for : 20 • iniriutes" yielded an - 
elastic conductive product having- a specific * 
-^esIStonce-.o^2000Qcm. ■ ; X- •/ 
.'} -. '. - - : - ; Example : VH. : --r. '\~ 
; -.Granulaf polyvinyl clioride. having- a ="coi- 
.. tent of plasticiser 0f 50% averaged: ori poly- i 
./vmyl chloricle -is :rubbed:-carefuUy-: : mth -10% : 
of colloidal graphite; M&fnaaMihg at £50 b 
C ana under a pressure of 300 kgms/cm 2 
.tiie carbon cc^ted ^ain^ .yielded i -conductive 
product- .having > ;}sped£&r resistance : of 
oOOOiZcm. >•-.-•; .V-. ; v. > • : 
- Example vm • " 

- Granular alMme crespllTes^ 
the.:partial, condensatjbn-of - cresol ^with -ah - 
aldehyde in an alfcalme . sdmtioi/^o- which 
resip is adtied a^hafrlcning agent -e.g^heia- 
methylene tetramrrie, : is coated wim 'carrwn by 
carefully . rubbing the .resin :and: ^aphhe to- 
gether, in a; baJUrrnill wi^ooden Balls. The 
car.bon coated resm -grams/^e -then pressed^ 

.-under . a pressureVof . 10O0 : >k^/crnM6r-'nVe 
: nimutes. at,170°C/tp 'foOT>late^rim^---io 
2.5 .mms, thick. Iq. order; to^.^ajn art idea^of 
the, influence, exerted "by /the siie- of. grain, on 
the/ value pf-me Vxesistance tfc .Jat&r" was. 
.measured on plates .fiaym^^aTsurface of X).8 
cm - and obtained from I grains of difxerebt. 
s^e and slightly- varying caroon :- content. 
Moreoyer, ;several" mechanical " characteristics 
rwere measured;. The.results of these measure- 
ments are stated 7 m : tfie -foUowing table - 1 , 
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Impact 

Grain Diameter Resistance Strength 

in mm. ■% carbon in il kgem/cm* 



03 to 0.6 9 8 

5 0.3 to 021 9.9 47 

smaller than 021 12.5 200 

Wha t we claim is : — 
1. A method of producing electrically con- 
ductive mouldings from plastics, characterized 
10 in that plastics are reduced to grains, the 
individual grains being provided with con- 
ductive coatings and the powder thus obtained 
being subsequently pressed to mouldings while 
heating. 

15 2. Moulding produced by the method claim 



Impact Bending 
Bending Strength 
kgem/cm 1 kg/cm 



0.69 2.6 310 

0.69 2.6 310 

L2 7.0 510 

in claim 1. 

3. A method of producing electrically con- 
ductive mouldings substantially as described 
in any one of the examples given herein. 
T. D. THREADGOLD, 
Chartered Patent Agents, 
Century House, Shaftesbury Avenue, 
London, W.C2, 
Agent for the Applicants. 
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